Purpose: To investigate the outcome and prognostic factors of surgery in treating gastric cancer spinal metastasis (GCSM). Patients and methods: A total of 17 patients with GCSM who have undertaken spinal surgeries have been identified. Kaplan-Meier method and univariate analysis are adopted to investigate the prognostic factors affecting overall survival (OS) and progression-free survival (PFS). Results: The median PFS and OS are 11.3 months (95% CI: 7.8-14.9 months) and 11.9 months (95% CI: 8.4-15.4 months), respectively. Postoperatively, all patients had substantial pain relief, with mean visual analog scale score descending from 6.6±1.6 to 3.4±1.2. Meanwhile, patients also showed improved neurological functions, with 8 of them having improvements of at least one level in Frankel classification. Univariate analysis presented that patients with carcinoembryonic antigen (CEA)<6 µg/L (p=0.020), lactate dehydrogenase (LDH)<300 U/L (p=0.012), alkaline phosphatase (ALP)<200 U/L (p=0.007), and Tokuhashi score>6 (p=0.027) show longer OS. Moreover, application of bone cement, low level of ALP (<200 U/L), and LDH (<300 U/L) are associated with longer PFS (p<0.05). Conclusions: Surgery is an efficient option in treating GCSM, due to its efficacy in pain alleviation, function restoration, and stability reconstruction. Low levels of CEA, LDH, ALP, and high Tokuhashi score (>6) are all favorable factors for better OS, whereas low levels of LDH, ALP, and application of bone cement are related with longer PFS.
Introduction
Gastric cancer (GC) is the 5th most common cancer and the 2nd leading cause of cancer-related death worldwide. 1 On account of advances in early detection and multidisciplinary treatment, life expectancies of GC patients have been prolonged. However, extended survival also leads to ascending incidence of tumor metastasis. Peritoneum, liver, and lung are the most common sites for metastasis, with bone metastasis being relatively scarce. The incidence of bone metastasis ranges from 0.9% to 12.4% in the literature, among which spine is the most commonly compromised. [3] [4] [5] [6] [7] The presence of bone metastasis has been found to be an independent factor for dismal prognosis, with a median OS of 3-8 months after diagnosis. management in such cases remains challenging. Attributed to advances of surgical techniques and implant instruments, surgical intervention has become a promising option to achieve immediate pain alleviation, decompression, and stabilization.
The outcomes of surgical intervention for spinal metastasis have been thoroughly discussed. 12 However, there is a paucity of published information on patients with gastric cancer spinal metastasis (GCSM) as a separate group. Park et al and Turkoz et al have analyzed the OS and prognostic factors for GC patients with bone metastasis, 3, 6 but none of the patients underwent surgical interventions. Therefore, in our research, we retrospectively reviewed GCSM patients surgically treated in our institution to present the therapeutic effect and long-term outcome for these patients.
Materials and methods

Patients and follow-up strategy
The research was approved by the hospital ethics committee, and written informed consent was obtained from all patients. In this study, patients with GCSM who received surgical treatments in our center between June 2011 and June 2017 were retrospectively reviewed. After excluding 2 patients who received surgeries merely for pathological biopsies, the data of a total of 17 patients were retrieved. Demographic information, serology tests, radiographic images, surgery records, and pathological results were all reviewed. All patients were assigned an Eastern Cooperative Oncology Group performance score (ECOG-PS) grade on admission, 13 while Frankel score and visual analog scale (VAS) score were evaluated both preoperatively and postoperatively. All patients were followed every 3 months for the first 6 months after surgery, every 6 months for the following 1.5 years, and once a year afterward. All patients enrolled have received surgical treatments after comprehensive assessments. Surgery indications include: 1) confirmed spinal metastasis with intolerable pain or neurological deficits and 2) conservative therapies could not achieve satisfying disease control. Besides, all patients who underwent surgeries were verified to have the ability to tolerate the proposed intervention based on their general conditions. Individualized surgical strategy was adopted for each patient based on the location and extent of tumors. After surgery, adjuvant therapies were delivered to patients according to their individual status.
Statistical analysis
Overall survival (OS) was defined as the time period from the date of surgery till the patients' death or the end of June 2018. Progression-free survival (PFS) was considered as the time period between the date of surgery and the date of local recurrence based on radiological assessments. Kaplan-Meier method was adopted to estimate survival rates, with log-rank test applied for univariate analysis. Pvalues less than 0.05 were considered statistically significant. All statistical calculations were performed by SPSS Statistics, version 21.0 (IBM Corp., New York, USA).
Results
Patient description
The median age of patients enrolled in our study is 56 (range: 30-72), with a male/female ratio of 9/8. Skeletonrelated events (SREs) were observed in all patients, with pathological fracture observed in 5 patients, nocturnal pain in 16 patients, and neurologic deficits in 13 patients. Preoperative duration of symptoms ranged from 1 week to 6 months, with a median duration of 2 months. Pathology results revealed low differentiated signet-ring cell carcinoma in 8 patients and high-to-moderate differentiated adenocarcinoma in the rest 9 patients. Among all 17 patients, synchronous metastasis (development of spinal metastasis simultaneously with the diagnosis of GC) was identified in 9 patients, with the other 8 being metachronous (spinal metastasis occurs after the diagnosis of GC). All 8 patients have received chemotherapy before admission by our department: 4 patients were treated with FOLFOX regimen, 2 patients were treated with capecitabine and oxaliplatin, and 2 patients were treated with fluorouracil and oxaliplatin. Besides, 2 patients have received radiotherapy for spinal lesion and were later admitted by our department due to their progressive neural deficits. Locations of responsible metastatic lesions included 3 in the cervical spine, 9 in the thoracic spine, and 5 in the lumbar spine. Among all patients, 11 of them have metastasis of multilevel segments, either continuous or separated. In addition, extraspinal bone metastasis and visceral metastasis were noticed in 7 patients respectively.
Treatment and prognosis
All patients received total piecemeal resection to remove the bone lesions maximally. For 3 patients with cervical lesions, an anterior approach was adopted for resection and internal instrumentation, using titanium mesh filled with either bone cement or allograft bone. For patients with thoracic, lumbar and sacral metastasis, one-stage posterior approach was applied to achieve decompression, tumor removal, and internal fixation. Surgical field irrigation with oxaliplatin was performed for all patients. The mean surgery time was 244.4±84.0 mins, while the mean blood loss during the operation was 1170.6±532.4 mL. After surgery, 8 patients received bisphosphonate (zoledronic acid) to inhibit osteolysis, all patients were evaluated by the oncologist to receive or resume chemotherapy and 4 patients received adjuvant radiotherapy.
The median follow-up time was 11.6 months (range: 2-21 months). At the end of the last follow-up, 14 patients were deceased, among whom, 12 died from metastasisrelated organ failure, 1 from gastric hemorrhage and another 1 from anesthesia-related enteroplegia. The median OS of all patients is 11.9 months (95% CI: 8.4-15.4 months), while the median PFS is 11.3 months (95% CI: 7.8-14.9 months) ( Figure 1 ). All patients had significant pain relief, with mean VAS score descending from 6.6±1.6 to 3.4±1.2 (p<0.001) 3 months after surgery. Meanwhile, patients also showed improved neurological functions, with 8 patients having improvements of at least one level of Frankel classification ( Figure 2 ). Additionally, patients enrolled also exhibited an improved general status, with mean ECOG-PS score descending from 2.44±1.21 to 1.75 ±1.39 (p<0.05) 3 months after surgery, which may save the patients from bedridden complications and enable them for further treatments. During the follow-up, 3 patients developed asymptomatic local recurrence, while 1 patient developed spinal metastasis of different segment 7 months after surgery. Surgical complications occurred in 2 patients, including one case of wound infection and another case of deep-vein thrombosis, and complete recovery was achieved after proper administration of antibiotic and anticoagulative therapy, respectively. Figure 3 illustrates the preoperative and postoperative radiologic records of a representative patient who was diagnosed to have cervical metastasis 5 years after diagnosis of GC. The patient received total piecemeal resection of the spinal lesion and postoperative adjuvant chemotherapy and experienced an OS of 19 months with a satisfactory quality of life.
Univariate analysis of clinical factors
The results of the univariate prognostic analysis are demonstrated in Table 1 . Patients with a low level of LDH (<300 U/L) and ALP (<200 U/L) tend to have better OS and PFS (p<0.05). Besides, a low level of CEA (<6 µg/L) is observed to be an indicator for better OS (p=0.020). In the meanwhile, Tokuhashi scoring system also shows prognostic value in GCSM patients, with a score over 6 being related to a longer OS (p=0.027). For local control, application of bone cement has shown with protective value, producing a median PFS of 17.7 months (95% CI 11.6-23.8 months, p=0.017). Prognostic factors affecting OS and PFS are presented in Figure 4 .
Discussion
Although bone metastasis is not common in GC patients, its presence may indicate poor prognosis. 11 Park et al And the median survival of patients with rapid growth tumor type (including 45 lung cancer, 26 hepatobiliary cancer, 4 GC, and 3 esophageal cancer) was 6 months. In our study, all patients received total piecemeal spondylectomy and internal instrumentation, and the median OS is 11.9 months (95% CI: 8.4-15.4 months). Compared to the OS of patients treated merely with conservative therapeutic modalities as shown in the literature, a prolongation of life expectancy was detected in our cohort. This advantage could be ascribed to the following reasons: 1) spinal surgery can efficiently improve the functional status of patients, thus affording patients more chances to receive postoperative adjuvant therapies; 2) surgery can achieve better ambulation, which can prevent patients from bedridden complications such as pulmonary infection and deep-venous thrombosis, etc. For all 17 patients enrolled in our study, total piecemeal spondylectomy and further internal instrumentation are applied. Although it has been widely accepted that total en bloc spondylectomy (TES) is an ideal option to control local recurrence of spinal malignancy, [17] [18] [19] the indication to perform TES should be individually weighed on the risk-tobenefit ratio in the situation of spine metastasis. First, TES is not always feasible due to the constraints of anatomic structure. For instance, lesions of the cervical and lower lumbar segment and paravertebral involvement may pose barriers to fulfill a standard en bloc resection. Contrarily, solitary intracompartmental metastatic lesions are potential candidates to receive this locally curative treatment. 20 Other factors that needed to be evaluated are the disease progression and the general condition of patients. Given the possible excessive morbidity, blood loss, and operative time of TES resulted from its great technical demands, it was concluded that TES should be reserved for selected patients with controllable primary tumors, localized metastatic lesions, and expected long-term survival to ensure the improvement in prognosis. 21 In the current retrospective cohort, we choose total piecemeal spondylectomy for all the patients instead of TES after a thorough assessment of the aspects mentioned earlier.
We also suggested the irrigation of surgical fields with oxaliplatin to eliminate any possible tumor residues. Moreover, the application of bone cement is observed to be relevant to better local control, with p=0.016 for PFS. This possible antitumor effect of bone cement may be ascribed to its cytotoxic and thermal effects. 22 Taken together, our follow-up data showed a generally satisfied incidence of surgical complications and long-term outcome. Nevertheless, it is worth comparing the therapeutic efficacy between TES, total piecemeal spondylectomy, and other less radical resection methods when handling high-grade metastatic malignancies such as GCSM. In our study, several favorable prognostic factors for postoperative outcome have been identified, including CEA<6 µg/L (p=0.020), LDH<300 U/L (p=0.012), ALP<200 U/L (p=0.007), and Tokuhashi score>6 (p=0.027). Tumor antigens have been extensively applied for tumor detection and can, to some extent, reflect tumor burden and disease progression. In the case of GC, the most commonly used serum markers include CEA, CA19-9, and CA72-4, which have been proven prognostic for disease progression in multiple clinical trials and metaanalysis. [23] [24] [25] [26] [27] The present results also supported a similar prognostic potency of these biomarkers for GCSM. Besides, LDH and ALP, serving as crucial enzymes in oncogenesis and bone metastasis, have also been claimed of prognostic value in GC patients. [28] [29] [30] Our findings confirmed the previous reports regarding the role of LDH and ALP in metastases, suggesting that patients with ALP<200 U/L and LDH<300 U/L tend to have a longer OS and PFS (p<0.05). Presence of visceral metastasis is typically considered as an indicator for dismal prognosis in GCSM patients. 8, 9 In our series, the OS for patients with or without visceral metastasis is 10.5±2.5 months and 13.1±2.7 months, respectively, with no statistical significance being observed (p=0.323). Nonetheless, Tokuhashi score, which Note: *P-values <0.05 were considered statistically significant. integrated 6 parameters of different angles, including visceral metastasis, 31 has shown prognostic value in predicting survival (p=0.027). Generally, our results suggest that GCSM patients with the above characteristics may possess a better outcome after surgical intervention. Apart from surgery, we also assessed the potential advantage of adjuvant therapies in treating patients with GCSM. Radiotherapy is typically considered beneficial in treating spinal metastasis, especially in pain alleviation and local control of spinal lesions. [32] [33] [34] However, the ultimate amelioration rate is fundamentally dependent on the tumor's inherent radiosensitivity. In our study, patients who received postoperative radiotherapy do not exhibit a longer PFS (11.9±2.0 vs 6.7±1.5, p=0.474), probably due to the small scale of patients enrolled in our study and the insensitive nature of GCSM. 35 As for chemotherapy, Nakamura et al 9 reviewed 25 GC patients suffering from bone metastasis with concomitant extraosseous metastasis and observed a longer OS in those receiving systemic chemotherapy (125 days vs 21 days, p=0.001). However, such benefits are not observed in our research (14.5±2.8 months vs 9.4±2.0 months, p=0.121). Overall, the outcome of systemic chemotherapy for GCSM patients remains controversial due to its low response rate and severe side effects. 11 Although the optimal adjuvant therapeutic regimens for GCSM are yet to be judged, individualized treatment tailored for patients with various conditions might be a reasonable choice. Patients with GCSM tend to suffer from SREs during the late course of their disease. Bisphosphonate, known for inhibition of osteoclast-mediated bone resorption and potential antitumor effect, has been used to prevent SREs over the past decades in the systemic treatment of bone metastasis. 36, 37 Silvestris et al investigated 186 GC patients with bone metastasis and reported an extension of time till first SRE among the 81 patients treated with bisphosphonate. 5 Meanwhile, the 81 patients also exhibit a longer OS (8 months vs 5 months, p=0.001), with no significant adverse events being observed during the treatment. In our study, although bisphosphonate does not show significant role in prolonging OS (p=0.637) or PFS (p=0.569), among the 9 patients who did not receive bisphosphonate, 4 of them developed local relapse during the follow-up, whereas no local recurrence occurred in the patients treated with zoledronic acid.
Conclusion
The current data supported that surgery is a feasible therapeutic option for selected GCSM patients. Surgery has been proven to be effective in pain alleviation and function preservation. According to univariate analysis, low level of CEA, LDH, ALP, and high Tokuhashi score may be considered as beneficial prognostic factors for GCSM patients. Nonetheless, there are yet some limitations to our study. Due to the low incidence of GCSM, there are only 17 patients enrolled in our study; thus, the power of conclusions may be diminished. In addition, there is only 1 patient receiving targeted medications in our study, which hampered the analysis of the adjuvant target therapy. Thereafter, a study examining a large cohort is required to be carried out to validate our findings and attain a more comprehensive evaluation of the GCSM therapeutic strategy.
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